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A large  amplitude  backscatter  instability,  consisunt  with  Bnllouin.  occurs  when  a prepulse 
plasma  is  formed  ahead  of  a high  irradiance  (lO^^-lOl®  W cm^i  Nd-laser  pulse.  These  results 
indicate  that  temporally  structured  laser  pulses  suggested  for  laser  pellet  implosion  may  also  encounter 
large  backscatter. 
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ENHANCED  BACKSCATTER  WITH  A STRUCTURED  LASER  PULSE 


Precise  laser  pulse  temporal  shaping  and  good  laser  light  absorp- 
tion are  usually  required  for  successful  implosion  of  laser-fusion 
pellets'.  In  the  experiments  reported  here  we  simulate  the  effect  of 
a shaped  pulse  by  first  forming  a plasma  blowoff  with  a prepulse  and 
then  irradiating  this  preformed  plasma  with  a short  high-irradiance 
main  pulse.  The  low  density  plasma  resulting  from  the  prepulse  is 
likely  to  be  similar  to  that  produced  by  the  long  leading  portion  of 
some  currently  planned  shaped  pulses.  Measurements  show  greatly 
enhanced  direct  backscatter“  (by  up  to  a factor  of  5)  and  significantly 
reduced  absorption  of  the  second  (main)  pulse  (in  some  cases  to  about 
21"^)  in  the  presence  of  a prepulse-formed  plasma.  This  backscatter 
appears  to  originate  in  the  underdense  region  of  the  plasma  (n  ^ C,1  n^) 
and  exhibits  many  of  the  properties  of  the  Brillouin  backscatter  in- 
stability^’’’, No  saturation  of  the  backscatter  instability  appears  in 
the  energy  range  of  this  experiment.  These  results  suggest  that  many 
of  the  shaped  pulses  proposed  for  laser  fusion  may  have  very  poor 
coupling  to  the  target  plasma.  The  behavior  of  scattered  light,  x-rays, 
high  energy  ions  and  electrons,  harmonic  emission  and  density  profile 
were  obtained  as  functions  of  the  prepulse  level,  the  angle  of  irradia- 
tion of  a planar  target  and  the  incident  laser  intensity. 


Note:  Manuscript  submitted  July  29,  1977. 


One  beam  of  tlie  NTIL  Pharos  II  Nd-laser  operating  at  :.t6  urn, 

73  psec  pulse  duration  (FWHM)  was  focused  with  a f/1.9  aspheric  lens 

onto  the  surface  of  polished  planar  polystyrene  (CH)  targets  in  an 

evacuated  chamber,  A controlled  prepulse  was  introduced  into  the  beam 

with  the  beam  splitting  arrangement  shown  in  Fig,  la.  The  relative 

timing  of  the  prepulse  to  the  main  pulse  was  set  at  2 nsec  and  the 

relative  amplitudes  were  varied  with  attenuators  A and  A , Any 

pm 

unintentional  prepulses  were  suppressed  to  below  IC”'  of  the  total 
pulse  energy  by  two  saturable  absorber  cells  and  one  Pockels  cell  in 
the  laser  chain.  Three  prepulse  monitors  were  used  on  each  shot  to 
measure  values  of  the  ratio  of  the  prepulse  to  main  pulse  ranging  from 
1C“®  to  1,  The  half-energy  content  focal  diameter  was  determined  to  be 
3o  urn  by  the  multiple-image  thin  film  ablation  method^  yielding  average 
and  peak  irradiances  (for  9 -1  incident)  of  7.5  X IC*^  and  i X IC^’  W/cm"^ 
respectively  at  normal  incidence,  A focal  shift  monitor  was  used  to 
ensure  on  most  shots  that  the  target  was  in  focus*^. 

Diagnostics  operating  on  these  experiments  included  incident  and 
backref lection  calorimeters,  and  an  array  of  IS  minicalorimeters,  all 
calibrated  to  ± accuracy  (see  Fig.  lb).  On  each  shot  the  calorimeter 
array  measured  the  angular  distributions  of  scattered  laser  light  both 
within  ( <1  ) and  normal  to  (i)  the  plane  containing  the  electric  vector 
and  wave  vector  of  the  incident  laser  beam.  Also,  fifteen  filtered 
detectors  for  continuum  x-rays  from  1 to  oCO  keV,  a magnetic  electron 
spectrometer  (3C-5CO  keV) , an  ion  charge  collector  (1C-15C  keV  H^) , 
and  a silicon  photo-diode  and  spectrograph  for  monitoring  laser  harmonic 
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emission  (n  C were  employed.  Interferometry  of  the  prepulse-formed 
plasma  at  the  arrival  time  of  the  second  pulse  was  accomplished  using 
a Raman  shifted  second-harmonic  probe  beam  (X  = 5529  A,  time  duration  ^ 
55  psec)  to  obtain  underdense  plasma  scale  lengths  and  to  ensure  that 
single  pulse  cases  had  no  prepulse  plasma.  The  electron,  ion  and  x-ray 
detectors,  the  harmonic  emission  and  the  interferometer  were  all  viewing 
the  plasma  approximately  midway  between  the  ii  and  i planes  of  polariza- 
tion of  the  incident  laser  beam.  All  detectors  were  near  ^5°  to  the 
target  normal  except  for  the  four  most  energetic  x-ray  detectors  and 
the  interferometer  which  viewed  the  plasma  tangent  to  the  target 
surface  at  normal  incidence. 

An  example  of  the  effect  of  a prepulse  upon  the  scattered  light 
angular  distribution,  and  therefore  absorption  efficiency,  is  shown  in 
Fig.  Ic.  When  a prepulse  plasma  is  present,  a dramatic  increase  of 
backref lection  is  seen  compared  to  that  measured  without  initial  plasma 
at  the  target  surface.  The  absorption  decreases  from  about  without 
prepulse  to  2C-  with  the  prepulse.  The  change  in  the  angular  distribu- 
tion at  angles  outside  the  solid  angle  of  the  lens  is  not  dramatically 
affected  except  possibly  near  9C°  (which  does  not  represent  a large 
fraction  of  the  scattered  energy). 

The  dependence  of  the  backscattered  energy  of  the  main  pulse  upon 
the  prepulse-to-total-energy  ratio,  is  shown  in  Fig.  2a  for  incident 
energies  in  the  range  of  7 to  11  J.  For  7 > iL"'*'  a significant,  and 
monotonically  increasing  backscatter  (to  over  IC-^)  is  observed  over 
that  for  a single  pulse  irradiation' . These  data  exhibited  excellent 


reproducibility  when  ~ was  varied  at  random  from  shot-to-shot  over  the 


course  of  many  days.  Shots  were  taken  with  the  prepulse  alone  (second 
pulse  blocked)  to  ensure  that  the  backreflection  for  a prepulse  was  the 
same  as  for  a single  pulse  (they  were)  and  to  measure  the  prepulse 
energy  directly  as  a check  on  the  prepulse  diode  monitors.  Included  in 
Fig.  2a  is  a shot  (*)  for  = 0.2  where  the  laser  was  focused  upon  the 
prepulse  plasma  rather  than  on  the  target  surface.  Enhanced  backscatter 
was  observed  under  this  condition  as  well.® 

All  other  plasma  emissions  (x-rays,  energetic  ions  and  electrons, 
and  harmonic  emission)  decreased  with  increasing  prepulse  level  for 
~ 1C  Responses  of  two  of  the  x-ray  detectors  (normalized  to 

incident  energy)  are  plotted  as  a function  of  prepulse  level  in  Fig.  2b, 

A decrease  in  both  x-ray  intensity  and  hardness  of  the  x-ray  spectrum 
with  increasing  prepulse  level  is  indicated.  An  obvious  explanation  for 
the  decreased  plasma  emission  with  increasing  prepulse  level  is  the 
lowered  irradiance  and  absorption  in  the  critical  and  one-fourth  critical 
regions  of  the  plasma. 

The  enhanced  backscatter  occurring  when  the  laser  pulse  irradiates 
a preformed  plasma  strongly  suggests  the  action  of  a backscatter 
instability  mechanism  being  operative. Measurements  were  made  with 
the  target  rotated  through  various  angles  a from  normal  incidence  to  test 
for  the  following  two  properties  of  Brillouin  backscatter:  First,  a 

backscatter  instability  should  cause  the  light  to  return  through  the 
focusing  lens  regardless  of  the  target  angle.  Second,  the  incident 
laser  light  penetrates  the  plasma  up  to  the  turning  point  density  n^. 
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below  the  critical  density  n^ , given  in  plane  geometry  by  n^  = n^cos“^  = . 
Thus,  the  target  angle  at  which  the  enhanced  backscatter  effect  drops 
off  is  indicative  of  the  plasma  density  where  the  backscattering 
instability  occurs.  The  results  of  backscatter  measurements  with  and 
without  a prepulse  as  a function  of  target  angle  are  shown  in  Fig,  5a. 
With  no  prepulse  the  backreflection  quickly  drops  off  with  angle  as 
reported  previously.®  However,  with  a " = C.2  prepulse  plasma  the 
direct  backscatter  remains  high  even  for  target  angles  >'^5'',  i.e.  , 
within  15^  of  grazing  incidence!  Here  the  stimulated  backscatter 
is  more  than  an  order-of -magnitude  larger  than  that  for  a single  pulse. 
For  a = 82“  it  was  verified  that  the  reflected  rays  retrace  the  incident 
rays  by  blocking  half  the  focusing  lens  and  looking  unsuccessfully  for 
backscatter  in  the  blocked  half  with  burnpaper.  Therefore,  the  density 
of  the  backscattering  region  is  below  C.l  n^  assuming  that  the  low 
density  plasma  is  approximately  one-dimensional,  All  of  these 
properties;  enhanced  backscatter  regardless  of  target  angle,  ray 
retracing  and  backscatter  occurring  in  the  underdense  region  are 
consistent  with  stimulated  Brillouin  backscatter.  The  nature  of  these 
properties  of  the  large  directed  backscatter  suggests  that  variations 
of  target  geometry  (e.g.,  spherical)  are  not  likely  to  alter  this  basic 
effect. 

Figure  5b  shows  the  incident  energy  dependence  of  the  backscatter 
with  an  " = C.2  prepulse.  Enhanced  backscatter  is  still  present  even 
though  the  beam  energy  is  reduced  by  a factor  of  ten,  i.e.,  to  about 
5 X 1C*‘^  W/cm^  for  the  second  pulse  and  there  is  no  indication  of 
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saturation  of  the  instability  with  increasing  energy, 

Interferograras  of  the  prepulse-formed  plasma  at  the  time  of 
arrival  of  the  main  pulse,  such  as  that  shown  in  Fig.  5a,  indicate 
the  presence  of  long  scale  lengths  in  density  (~  ICC  um)  below  C.l  n^ 
which  are  ideal  for  good  growth  of  the  Brillouin  instability.  The 
threshold  for  the  Brillouin  instability  is  well  below  all  irradiances 
used  here  for  the  second  pulse. 

Brillouin  backscatter  convectively  saturates  with  a net  gain  of 
exp  (X),  with  X = 2'-v‘/(cc^  dK/dx) , where  is  the  homogeneous  growth 
rate,  c^  is  the  ion  acoustic  velocity,  and  K(x)  is  the  wavenumber 
mismatch  of  the  pump  and  scattered  waves. ^ Mismatch  is  usually  ascribed 
to  plasma  density  and  velocity  gradients.  There  is,  however,  another 
mismatch  that  is  present  even  for  a uniform  plasma:  the  spatial 

gradients  of  the  laser  wave  near  the  focus  of  a lens.  This  correlation 
length  is  usually  referred  to  as  the  depth  of  focus.  For  example,  a 
plane  wave  incident  on  a simple  lens  has  on-axis  distance  between 
nulls  of  -tF"X^,  where  F is  the  f-nuraber  of  the  lens.  For  a laser  or 
lens  with  aberrations,  the  correlation  length  (not  the  null  distance) 
could  be  even  less.  (Away  from  focus,  the  correlation  length  will 
increase, ) 

There  are  thus  two  basic  scale  lengths:  the  light  correlation  length 

and  the  plasma  density  gradient.  The  role  of  the  laser  prepulse  may  be 
to  increase  the  underdense  plasma  density  scale  length,  and  to  increase 
the  number  of  correlation  lengths  for  the  scatter,  xvhile  the  light 


correlation  length  controls  the  mismatch.  This  may  explain  the  rela- 
tively weak  dependence  of  the  scatter  on  prepulse  energy.  We  do  not 
yet  have  sufficient  data  to  accurately  determine  the  gain,  exp  (\), 


These  experiments,  which  use  a prepulse  to  simulate  a temporally 
shaped  pulse,  strongly  suggest  that  significant  Brillouin  backscatter 
may  also  occur  in  some  currently  planned  shaped  pulses.  These  shaped 
pulses  generally  deliver  about  one-half  the  total  laser  energy  over 
many  nanoseconds  with  a high-intensity  (1C~^-1C^“  W/cm"^)  peak 
delivering  the  remaining  energy  in  less  than  1 nsec.  The  low  density 
blowoff  from  such  a temporally  shaped  pulse  is  likely  to  have  a long 
scale  length  ideal  for  Brillouin  backscatter  of  the  high  intensity 
peak  such  as  found  in  our  experiment.  Because  the  density  of  the 
backscatter  region  appears  to  be  low  (n  ^ C. 1 n^)  the  ponderomotive 
force  due  to  the  final  high  intensity  laser  peak  is  not, likely  to 
steepen  this  gradient.  Indeed,  the  presence  of  stimulated  scatter  in 
longer  duration  single  pulse  experiments  is  suggested  by  the  fact  that 
backscatter  from  2pC  psec  is  greater  than  for  ICC  psec  pulse  for 
irradiances  in  the  mid  1C W/cm^  range,'  Stimulated  backscatter  has 
also  been  observed  in  lower  irradiance  9CC  psec  pulse  experiments  both 
with  and  without  a prepulse. It  is  obvious  that  experiments  with  the 
actual  pulse  shapes  intended  for  laser  fusion  designs  are  needed  to 
determine  how  severe  a problem  Brillouin  backscatter  will  actually  be 
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The  larger  surface  area  irradiations  expected  in  these  designs  could 
tend  to  increase  the  backscatter  over  that  observed  here. 

It  is  a pleasure  to  acknowledge  the  laser  expertise  of  J.  M. 
McMahon  which  made  these  experiments  possible  and  R.  W.  Whitlock  for 
aid  during  these  experiments. 
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Fig.  1 — (a)  Diagram  of  the  optical  path  of  the  laser  beams  in  the  prepulse 
generator,  (b)  Diagram  of  the  scattered  light  calorimeter  layout.  (c|  An- 
gular distributions  of  all  scattered  light  for  a typical  single-pulse  shot  (dashed 
line)  and  a shot  with  a prepulse  (solid  line,  (•)  i-plane.  (o)  l!-plane).  Hori- 
zontal bars  between  0-15°  are  the  backrefleetions  averaged  over  the  lens 
solid  angle.  Backreflection  and  total  absorption  are  (15^,  50'Tr)  for  the 
single  pulse  and  (45'c,  2(To)  for  the  double  pulse  respectively. 
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(ERGS/SR/J)  MAIN  PULSE  BACKREFLECTION 


Fig.  2 — (a)  Backreflections  of  the  main  pulse  versus  prepulse  level  showing 
enhanced  backscatter  for  n ^ Hashed  region  is  the  single  pulse  back- 

reflection.  (b)  X-ray  intensities  for  1-3  keV  and  55-67  keV  x-rays  versus 
prepulse  level  illustrating  the  decrease  in  intensity  and  spectral  hardness  of 
x-rays  with  increasing  rj.  (Increase  in  intensity  for  rj  approaching  unity  is 
due  to  x-ray  emission  induced  by  the  prepul.se  itself.) 
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